We describe the identi®cation and expression pattern of Xenopus frizzled 4 (Xfz4) gene during early development. Xfz4 protein presents characteristic features of a frizzled family member. The mature protein sequence of Xfz4 is 93% identical to murine Mfz4. Xfz4 is a maternal mRNA, its expression level remains constant during early development. The mRNA is ®rst localized during gastrulation to the dorsal presumptive neuroectoderm. At the end of gastrulation, Xfz4 mRNA is detected in the dorso-anterior neuroectoderm. During neurulation, Xfz4 mRNA is expressed as a band on both side of the forebrain, and in the trunk lateral plate mesoderm. As development proceeds, expression of Xfz4 mRNA in the trunk lateral plate mesoderm decreases but persists in the forebrain. It is also expressed in the posterior unsegmented somitic mesoderm from late tail-bud stage onward. q
Results
Wnt signalling plays crucial functions in dorso-ventral axis speci®cation in vertebrates (for reviews see Moon and Kimelman, 1998; Sokol, 1999) . The interaction between Wnt and frizzled proteins of a family of serpentine receptors has been demonstrated (Bhanot et al., 1996; YangSnyder et al., 1996) . Analyses in Xenopus have suggested that differential interaction between Wnts and frizzled receptors stimulates multiple signalling pathways (Slusarski et al., 1997) . Therefore, understanding the potential role of frizzled proteins may provide insight into the implication of Wnt signalling in the regulation of developmental events.
We have isolated a novel cDNA encoding Xenopus frizzled 4 (Xfz4) protein. The deduced protein includes all of the characteristic features expected of a frizzled family member. The amino-terminal extracellular region contains a putative signal sequence and a cysteine-rich domain (CRD) with 10 invariant cysteines (Fig. 1) . The carboxyl-terminal half of Xfz4 protein contains seven putative transmembrane segments and a cytoplasmic portion of 40 amino acids. Xfz4 is highly homologous to the murine gene product Mfz4, with an overall identity of 90%. The mature proteins of Xfz4 and Mfz4 have 93% overall identity. The most conserved regions are among the CRD, the transmembrane segments and the C-terminal cytoplasmic domain.
We then analyzed the temporal-spatial expression pattern of Xfz4 since the expression data has not been reported. RT-PCR analysis shows that Xfz4 mRNA is expressed maternally and that the level of expression remains constant until larval stages (Fig. 2) . Whole-mount in situ hybridization reveals a restricted expression of Xfz4 mRNA in the deep layer of gastrula dorsal ectoderm which corresponds to the presumptive neuroectoderm (Fig. 3A ,B,D,E). At the end of gastrulation, it is localized to the dorso-anterior neuroectoderm (Fig. 3C ). During neurulation a strong expression of Xfz4 is detected as an intense band on each side of the anterior neural fold corresponding to the future forebrain (Fig. 3F±I ). In addition, Xfz4 mRNA is also expressed in the lateral plate mesoderm at the trunk region, but not in the somites (Fig. 3G±J) . The expression pattern is not uniform in the lateral plate, it is large on the¯ank while it narrows dorsally (Fig. 3H) . At tail-bud stages, Xfz4 mRNA remains strongly expressed in the lateral plate mesoderm¯anking the heart primordium which shows lower level of expression (Fig. 3K) . As development proceeds, expression of Xfz4 mRNA in the lateral plate mesoderm gradually decreases but it becomes mainly restricted to the forebrain and in the posterior unsegmented somitic mesoderm (Fig. 3L) . These results therefore reveal a distinct temporal-spatial expression pattern of Xfz4 mRNA in Xenopus early embryo. 
Experimental procedures

Xfz4 cDNA
Screening of a gastrula cDNA library using a Xenopus Xfz4 cDNA fragment obtained by degenerate PCR procedures was performed as previously described (Shi et al., 1998) . A partial cDNA (2.0 kb) was isolated. The upstream 5 H sequence was obtained by RACE procedure (Frohman et al., 1988) . cDNA was synthesized from 5 mg neurula stage total RNA in the presence of SuperScript reverse transcriptase (Life Technologies) and Xfz4-speci®c oligonucleotide (5 H -AGGCAAACCCAAACTCCTTC-3 H ). The cDNA was tailed with dATP and ampli®ed by PCR using Xfz4-speci®c primer (5 H -CTTCAGCACCGGCTCACAT-3 H ), (dT 17 )-adaptor and adaptor primers. The PCR product was cloned into the pCRII vector (Invitrogen) and sequenced.
RT-PCR
RNA samples were treated with RNase-free DNase I (Boehringer Mannheim) and reverse-transcribed as above. PCR was performed in the presence of 1 mCi 32 P-dCTP and the following primers: Xfz4 (forward, 5
H -CTGCGA-CCCCATCAGGATC-3 H ; reverse, 5 H -CTTCAGCACCGG-CTCACAT-3 H ) and ornithine decarboxylase (ODC; Bassez et al., 1990) (5 H -GTCAATGATGGAGTGTATGGATC-3 H ; reverse, 5 H -TCCATTCCGCTCTCCTGAGCAC-3 H ).
In situ hybridization
In situ hybridization was performed according to Harland (1991) with modi®cations as previously described (Shi et al., 1998) . Xfz4 riboprobe was transcribed from a 800 bp Spe I fragment cloned into pBluescript SK (Stratagene). Histological sections were cut after chromogenic reaction. Embryonic stages were determined according to Nieuwkoop and Faber (1967) . 
